
° /_ .._/..,/i/: ,_:
• /

! _ " ' J> J/.. _ __...I

ILS/MLS Collocation Tests at
Miami/Tamiami, Florida Airport

_n;!Townsend

) June 1989 : ;

• _1_ DOTtFAA/CToTN89/38 " '_!

i,

This document is availableto the U.S. public _..
throughthe NationalTechnicalInformation _:_

Service,Springfield;V|rginia22161. ;,_
[ll&S&-C3-185715) Z1,S/l_Z.SCOZ,l,OC&T101 TESTS 189-26832 :}_

AT _&_Z/TI_&NI, FLORID& aIRPOBT {F&&I
_? p CSCL 17G :_

Onclas ';_

, _ U.S.DepGrtrneflt of Tran.Noortof_
Fedel_ _ .l,dmk_trotion

Technic,el Center
Atlantic Ci_ Internltlonll Airport, N.J, 08405

'IO_O_d"7A_d



T_litcsl il_li, li.cu,,,...,tl.,, Pqe

DOT/FAA/CT- TN89/3 8 1
4. _,a..,w sDb',,0o ...... $. li.,.,, _,0 '

June 1989

ILS/MLS COLLOCATION TESTS AT MIAMI/TAMIAMI, I _-,,_0._._,,,,_ C_4.
FLORIDA, AIRPORT ACD- 330

- ......... 8. Plltlllminll O, lelill, i llefl._t lle.
# li, l_ i)

John Townsend DOT/FAA/CT- TN89/38
i n • | nu .

t. Po,_wmne O,_is_ N__Gma _ee . I0.W_,*U,,0Ne.|TRAi$}
U. S. Department of Transportation
Federal Aviation Administration . .

Technical Center l_O_"
G_0 He.

Atlantic City International Airport, N.J. 08405 i_ rlq,. el _,_.,,,.dP,,-.d C...,,4
- n nl

12 'l li ooo
U._".U_ep*-_'_t_en_'o_ _rransportation Technical Note
Federal Aviation Administration

Maintenance and Development Service II. _-,.,,-e A_,w_ CN_
Washington, D.C. 20590

i n u n in u I Ji,, n

I$. ileillawl_ N_wil

mi_ n mmJ n m --• Ablt,llill

A series of tests were performed by _he Federal Aviation Administration (FAA)

Technical Center at the Miami/Tamiaml, Florida, Airport to verify the guidance

material contained in the proposed amendments to Attachment G to Part I oF the

International Civil Aviation Organization (ICAO) Annex 10. A mock-up of the

Technical Center's Test Bed Microwave Landing System (MLS) was collocated with the

category I instrument landing system (ILS) on runway 9R. Several engineering

flight tests were flown with ILS data collected and analyzed. These results were

later verified by actually installing the MLS test bed at one of the locations used

for the mockup tests. The results indicate that the proposed guidelines are

adequate as published, but several items should be considered when implementing

these guidelines. These i_ems are presented as recommendations. <
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EXECUTIVE SUMMARY /

A series of tests were performed at the Miaml/Tamlaml, Florida, Airport to

verify the guldar_ce material contained in the proposed amendments to Attachment G

to Part I of the International Civll Aviation Organization (ICAO) Annex 10. A

, mockup of the Technical Center's Test Bed Microwave Landing System (MLS) was

collocated with the category I instrument landing system (ILS) on runway 9R.
Several engineering flight tests were flown with ILS data collected and

analyzed. The results indicate that the proposed guidelines are adequate as

published, but several items should be considered when implementing these
guidelines. These items are presented as recommendations.
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BACKGROUND

During the month of March 1989, a series of tests were performed at the

Miaml/Tamlaml, Florida, Airport to verify the guidance material contained in the

proposed amendments to Attacb.ment G to Part I of the International Civil Aviation

, Organization (ICAO) Annex i0. The proposed amendment provides guidance for

siting an Microwave Landing System (MLS) to be collocated with an existing

instrument landing system (.TLS) and can be found in the ICAO All Weather

Operations Panel (AWOP) Working Paper (_P) 561. This report details these tests

that were the initial part of a series of tests (which were also performed at

Miaml/Tamlami) and included ILS/MLS comparisons as well as a demonstration of MLS

Area Navigation (RNAV) capability. The results of these additional tests are

covered in other reports.

Miami/Tamlami Airport i% located approximately 5 miles southwest of Miami and is

operated by the Dade County Airport Department. The airport is a general

aviation airport with very high traffic volume and has extremely flat terrain.

The airport has three runways: a pair of parallel 5,000 foot runways (9-27 left

and right), and a 4,000 foot diagonal runway (13-31). The ILS ser¢ices runway 9R

and consists of an eight-element log periodic localizer array and a null

reference glide slope array. The ILS is a category I commissioned facility.

Figure I is a drawing showing the ILS siting, q

TEST PROCEDURES

A mockup of the Bendlx-built Federal Aviation Administration (FAA) Technical
Center Test Bed MLS 2° beamwldth azimuth and 1.5 ° beamwldth elevation stations

were designed and fabricated at the Technical Center and transported to Tamlaml.

The mockups were framed using a l-i/A inch poly vinyl chloride (PVC) pipe covered

with 1/2 inch grid hardware cloth and were exact physical representations of the

actual system. The Test Bed HLS was used because this system was to be i

installed where the mockup had been to perform the above mentioned ILS/MLS

comparison tests and MLS RNAV demonstration. In addition, the Test Bed MLS is

physically larger, especially the elevation, than other MLS's. This should have

given a "worst case" situation as far as collocation was concerned. Figure 2 is

a drawing of the Test Bed HLS azimuth and elevation stations.

All of the data collected were airborne data using a fully instrumented Convair

580 (CV-580). A Bendix RNA-34AF navigation receiver was used to collect the ILS

data. This receiver outputs both digital and analog information. The aircraft i
tracking was performed using a Warren Knight balloon theodolite and a JC Air

frequency modulation (FM) radio telemetric theodolite (RTT). Distance measuring

equipment (DME) ranging data, for reference information only, were collected

using the Biscayne Bay collocated very high frequency omnl-dlrectlonal radio

range (VOK) and tactical ai_ navigation (TACAN) (VORTAC). Both analog (strip

chart recorder) and digital (Kennedy 9-track recorder) data were collected. The

analog data were used for real _ime "quick look" information, while the digital

data were processed post flight and is used in this report. _

f
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Two sites were chosen to be tested at both the localizer and the glide slope. At

the locallzer, the test azimuth sites were on the runway centerline ex_ended atdistances of I00 feet and 200 feet in front of the localizer array. The proposed

appendix J states that the azimuth should be sited no closer than I00 feet in

front of the locallzer. The azimuth/locallzer test sites are shown in figure 3.

For elevatlon/gllde slope collocation, the proposed guidance material states that
the elevation antenna should be sited outside the lO-decible (dB) point of the

horizontal pattern of the glide slope array, or outside of a llne from the base

of the glide slope antenna to the runway cen_erline at threshold, whichever is

I greater. An additional stipulation is that the runway crossing heights should
coincide within 1 meter. The two sites selected for the elevation antenna are

shown in figure 4. The site closest to the runway is outside the line from the

base of the glide slope antenna to the threshold on centerline, and is 145 feet

forward of the glide slope and 44 feet from a llne from the glide slope, parallel

to the runway. The site farthest from the runway is outside the i0 dB point, and

is 221 feet forward of the glide slope antenna and 79 feet from a llne from the

glide slope, parallel to the runway. In addition, the second site was placed far

enough forward so as to not interfere with the glide slope field monitor if it
were used.

The localizer tests were performed by first flying the ILS system in its normal

configuration with no MLS mockup in place. This is referred to as the clean

configuration. The mockup was then erected at the 100-foot point and localizer

data were again collected. This procedure was repeated with the mockup at the

200-foot point. Each set of localizer data consisted of six runs: two runs were

partial orbits to measure the course width, two were partial orbits to check

clearances, and two were approaches to check course structure.

Testing at the glide slope was also performed in a clean configuration followed

by erecting the mockup at each of the two test sites. Each of the three sets of

glide slope data consisted of four runs: two runs were constant altitude

centerline radials to measure the course width and two runs were approaches to
measure course structure.

RESULTS AND ANALYSIS

The data indicate that the azimuth station at either of the tested locations

does not effect the locslizer course, but does have some minimal effect on the

course width and clearances. This finding tends to support previous testing that

indicated that objects placed symmetrically about the centerllne of the localizer

will have minimal effect on the course structure. Figure 5 is the localizer

measured in a clean configuration. Little, if any, difference can be seen when

these data are compared to figure 6 (mockup at i00 feet), figure 7 (mockup at 200

feet), and figure 8 (azimuth station at 200 feet). The high frequency deviations

in figure 8 that appear at 4 and 6 miles are caused by overflights. Table I
shows the results of the course width and clearance runs. The course width shown

is the average of the two runs, while the clearance is the minimum recorded for

the two runs. All of the data are within tolerance, but the clearance data with

the mockup at I00 feet are very close to the tolerance limit. A second run in

this configuration indicated clearances of over 200 microamps.

2
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TABLE I. LOCALIZER WIDTH AND CLEARANCE RESULTS i

Width Minimum Clearance _learance Tolerance

Clean 6.25 ° 217 mlcroamps fly ].eft 150 microamps

Mock up at i00 feet 6.40 ° 150 microamps fly left 150 microamps

• Mock up at 200 feet 6.25 ° 206 microamps fly left 150 mlcroamps

AZ antenna at 200 feet 6.00 ° 228 microamps fly left 150 microamps

The course width measurements at the glide slope were unaffected by the location

of the mockup. When the elevation station was installed at position I, the

measurements indicated a slighter sharper (0.05 °) course width, but these data

were collected 2 weeks later and the system characteristics may have changed

slightly over time. The glide slope course structure data are presented in

figures 9 through 12. Figure 9 (clean configuration) and figure ii (_ockup at

position 2) are similar and it appears that the MLS elevation antenna does not

affect the glide slope if it is not sited between the glide slope and the

aircraft. Figure i0 (mockup at position 1) is similar to the figures 9 and Ii

except for a slight increase in error during the last I/I0 of a mile. Figure 12

(elevation station at position i) shows the same trends. This increased error

apparently results from the aircraft receiving reflections from the elevation
station. At the end of these runs the aircraft position is approximately 50

feet above the threshold, and there may have been some llne of sight interaction

between the glide slope signal and the HLS elevation station. However, since

this was a category I ILS, the signal was more than adequate down to the 200-foot
minimums.

CONCLUSIONS

The Miami/Tamiami Airport (where the tests were performed) is an almost perfect

instrument landing system (ILS) site with flat terrain and few obstructions.

Because of this, the ILS had no unusual or marginal characteristics, even though

it was only a category I installation. The results of these tests indicate that

the proposed collocation guidelines are adequate as published, but several item_

should be considered when implementing these guidelines. These items are covered

in the recommendations section of this report.

RECOMMENDATIONS

I. Although this was an ideal instrument landing system (ILS) site, some

degradation was noted in the localizer clearances when the azimuth was installed

at the minimum distance recommended in the proposed guidelines. It is

recommended that the Microwave Landing System (MLS) azimuth antenna be installed

as far forward of the localizer as space permits, and the lO0-foot minimum

distance for placement of the azimuth in front o_ the localizer should only be
used as a last resort.

2. The MLS elevation station did not interfere with the category I operation of

the glide slope at'Tamiami. However, the data show that the glide slope course

started to degrade as the aircraft passed just beyond threshold. Therefore, if 4

3
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an MLS elevation station were to be collocated with a category II or category ili

glide slope, the elevation station should be sited as close to the runway as
possible.

3. At Ta_iami neither the localizer nor the glide slope systems used a_ty
external monitors. Collocating an MLS with an ILS with an externe.1 monitor could
cause serious ILS monitoring problems. This may be particularly true with the

glide slope.

4. A problem was discovered during the testing that does not appear to have been
addressed in any document. During the second phase of testing, when the _LS
stations were collocated with the ILS, a Federal Aviation Administration (FAA)

flight check aircraft froL Atlanta performed a periodic flight check on the
Tamtami ILS. The system passed the flight check, but could not be returned to
service because the ground technician could not verify the ILS operation at his
ground check points because the MLS antennas interfered with line-of-sight
reception of the ILS signals at his those locations. Therefore, even though the
ILS passed the flight check, and the ILS signal-in-space was unaffected, the ILS
had to be NOTAMEDfor the duration of our tests because the required ground tests
could not be performed. It is recommended that the proposed guidelines be
extended or additional ILS guidelines be written to include revised ILS ground
check procedures to allow for line-of-sight reception of the ILS signals at the
ground check points.

1989017461-010





w

w_

i"
/

d

_I UGHTNINII
•OIWI17t_TION

_IN'nt.AT_N

i -IqUINmi_ CAIIKilT FOIq ,.,.,

i WIIATHIIR IIAL

ANlrIINNA
IIUUDOMII AllOV| GND

imAM CIINTIIR
LOCATOR

ANllr.NNA
AIINAY

10 Irr

SHELTERED CONIqGIJRATION
AZIMUTH SUBSY+,TEM

II_ITNIMO llOOl

OIITRUCTION
LIGHTS

ITILATIOM
mOOO

ANlr_NNA
M&DQMIi

SHELTERED CONFIGURATION
1.5° ELEVATION SUBSYSTEM

FIGURE 2. DRAWING OF MLS AZIMUTH AND ELEVATION STkTIONI

FIGURE 2. DRAWING OF _S AZI_,_THAND ELEVATION STATIONS

6

r__-+.,, +-" ....... 1989017461-012



rq

t
7 f

1989017461-013



8

1989017461-014



1989017461-015



:'5"

" ' ' ' I ' ' ' ' ' ' ' ' ' I '! ' .... ] '

N

(]: L) r_
i,,,. t,"- N

rv
w ,_, o

o ¢: ,_
? I-- I.- = o

5 "-"

_J o z

q'lZ '_ "r
>..._ _. _ o

_" .,, I n,,
Z_ I a0 ',,4
"3 _ /. >_
IZ '_ I ::z: _o

_1 1 I 0
b___ _ I _-

I, I L,J _

I I I-- _ {4_1_. _ I 03

I-- _, I _"

O _ _ I
-J _ I --

_ I

, , ]
+ + 4. I I -

(saau6ap) a0a_t3 _3Z[71dDOl

to

1989017461-016



1989017461-017



1989017461-018









_ __i I_ '-

n
i_ 0 _ul_ --I I ,

trZQ- / i
W(_ m_ w J w

.u ,.-, O 1, O z

OW _. n- rr

Jl::l _a:_- I:Z: _ I:Z _m
_I n"u _1 _1 _ _

w_ 8_uu o o

O

JO j
_- _ <

I-- e: J0 ca
_Z "1-
_.10 i _ o

b_ ( n- <
m -r
mZ _ _-
>- < m

-_W z <
Zl-- _ n-
"I(:I: 03 <

rru ( o0 m
0

Z Z -',,
"0 _

lICE i ru _

"%'W ""

._J

1

I

+ + + I I

(sgaJ6ap) dOWn3 3d09S 3EI-ID S-I[

1989017461-022


